This study examined whether category boundaries between Black and White faces relate to individual attitudes about race. Fifty-seven (20 Black, 37 White) participants completed measures of explicit racism, implicit racism, collective self-esteem (CSE), and racial centrality. Category boundaries between Black and White faces were measured in three separate conditions: following adaptation to (1) a neutral gray background, a sequence of (2) Black or (3) White faces. Two additional conditions measured category boundaries for facial distortion to investigate whether attitudes relate to mechanisms of racial identity alone, or to more global mechanisms of face perception. Using a two-alternative forced-choice staircase procedure, participants indicated whether a test image appeared to be Black or White (or contracted or expanded). Following neutral adaptation, participants with higher CSE showed category boundaries shifted toward faces with a higher percentage of Black features. In addition, the strength of short-term sensitivity shifts following adaptation to Black and White faces was related to explicit and implicit attitudes about race. Sensitivity shifts were weaker when participants scored higher on explicit racism, but were stronger when participants scored higher on implicit but lower on explicit racism. The results of this study indicate that attitudes about race account for some individual differences in natural category boundaries between races as well as the strength of identity aftereffects following face adaptation.
Introduction
As social animals, one of the most critical functions of visual perception is to provide enough information about other individuals to quickly assess intentions, emotions, and personal characteristics. The perception of facial features is key and provides information about a person's age, sex, ethnicity, as well as their emotional state. Our ability to recognize specific faces or distinguish between different faces is, however, subject to error. Although human observers can be very sensitive to subtle differences in facial features, this ability can vary with the identity of the target face and the identity of the observer. Numerous studies have shown that observers discriminate between faces more accurately when target faces are the same race as the observer. When target faces are members of races other than the observer's own race, recognition errors are significantly more common (for review, see Young, Hugenberg, Bernstein, & Sacco, 2012) . This is generally termed the cross-race effect.
One group of theories explains the cross-race effect as the result of perceptual learning. Such theories posit that individual observers are exposed to a variety of faces strongly biased toward faces of a race similar to their own. The perceptual experience of individual observers, therefore, becomes tuned to identifying faces within or close to their own race (Young et al., 2012 for review) . Such theories naturally implicate differential neural processing strategies for same-race and cross-race faces. One potential account is that same-vs. cross-race faces reflect a difference in configural vs. feature-based processing (e.g., Rhodes, Brake, Taylor, & Tan, 1989) . Another account proposes that faces are represented in a mental face-space where faces are discriminated by their deviations from central tendency, or the ''average" face (e.g., Leopold, O'Toole, Vetter, & Blanz, 2001 ). The neural mechanisms supporting perceptual learning processes in face perception, however, are still not well understood.
One psychophysical technique that has been used to investigate the neural mechanisms of face perception is to measure how the appearance of a target face changes following short-term adaptation to other faces. Short-term adaptation to a sequence of faces that vary within a singular facial category (e.g., single gender, single race, etc.) can strongly bias the appearance of a target face. instance, an undistorted face will appear too contracted following adaptation to a series of faces that have been distorted to appear too expanded (Webster & Maclin, 1999) . Similar aftereffects have also been shown for facial attributes of identity, including sex, race, expression, attractiveness, and age (e.g., Leopold et al., 2001; O'Neil & Webster, 2011; Rhodes, Jeffery, Watson, Clifford, & Nakayama, 2003; Webster, Kaping, Mizokami, & Duhamel, 2004) .
The aftereffects of face adaptation do not reflect purely lowlevel neural adaptation to simple visual features. Instead, the aftereffects likely result from adaptation at higher levels of visual coding where responses are invariant to stimulus attributes such as position (Leopold et al., 2001) , size (Zhao & Chubb, 2001) , and orientation (Rhodes et al., 2003; . Furthermore, there is evidence that the function of face adaptation may be unique compared with adaptation to more low-level visual features. Adaptation to low-level features often improves discrimination around the level of the adapted stimulus (i.e., deviations from average become more salient). For instance, adaptation to a biased light spectrum will improve discrimination around the point of adaptation (Webster, 2004) , while adaptation to a vertical grating improves discrimination to orientations near vertical (Clifford, Wyatt, Arnold, Smith, & Wenderoth, 2001 ). Face adaptation, on the other hand, does not necessarily improve discrimination around the average adapted face (Rhodes, Maloney, Turner, & Ewing, 2007) if the adaptation and test faces are within the same face category. Face adaptation does, however, enhance discrimination within an adapted population when compared to a separate population of faces (Rhodes, Watson, Jeffery, & Clifford, 2010; Yang, Shen, Chen, & Fang, 2011) . These results suggest that face adaptation may be most effective in adjusting the boundaries between distinct face categories (e.g., Webster et al., 2004) , and/ or expanding the gamut within an adapted category without necessarily enhancing differences around the average of a single population (Rhodes et al., 2007) . Furthermore, shifts in category boundaries for gender occur when gender features are simply inferred through body shape (Ghuman, McDaniel, & Martin, 2010) or gender-specific objects (Javadi & Wee, 2012) rather than directly perceived during adaptation. Such evidence suggests a stronger influence from higher cognitive processes in the neural mechanisms of adaptation to faces compared to low-level visual features.
There is growing evidence that the racial attitudes of an individual can influence how faces of a different race are categorized (e.g., Blascovich, Wyer, Swart, & Kibler, 1997; Hugenberg & Bodenhausen, 2004; Hutchings & Haddock, 2008) . Little work, however, has focused specifically on how racial attitudes might relate to visual processes of face adaptation; and in turn, what the functional significance of face adaptation might be. Recent empirical reports show that visual processes of face perception are malleable to some top-down influences, providing a possible link between personal attitudes and individual differences in the neural processing of faces. For instance, when biracial observers are primed with either their Black or White racial identity, a significant performance improvement is seen when identifying faces within the primed category using a visual search task (Chiao, Heck, Nakayama, & Ambady, 2006) . Face perception is also influenced by multisensory information, where attractiveness ratings and gender category boundaries can be modulated by different scents (Dematte, Osterbauer, & Spence, 2007; Kovac et al., 2004) . Furthermore, adaptation to masculine or feminine male faces can alter an individual's opinion of how trustworthy a face appears. That is, masculine faces that were rated as untrustworthy before adaptation were rated as more trustworthy following adaptation to masculine faces (Buckingham et al., 2006) . Whether these manipulations led to differences in perception, or instead reflected a criterion shift, is not clear. Either way, the results support that experimental manipulation of higher level cognitive processes can lead to changes in how faces are interpreted.
A slightly different, yet related question is how high-level cognitive processes may influence visual processes of long-term perceptual learning and/or short-term adaptation. More specifically, do neural processes of face adaptation differ when individual observers vary in their personal opinions and attitudes toward others? There is a paucity of work on individual differences in visual adaptation processes, but a few studies show reliable inter-observer variability in the strength of visual aftereffects (e.g., Elliott, Webster, & Werner, 2012; Vera-Diaz, Woods, & Peli, 2010) . The reason for this variability is unclear, and may reflect differences in peripheral factors such as pre-receptoral filtering or more cognitive factors including learned expectations about the world. In face perception, large individual differences are seen in measures of natural face category boundaries. That is, prior to adaptation, category boundaries between races (e.g., Caucasian and Asian), as well as between male and female, are shifted toward the category in which the observer belongs . Differences in racial attitudes may therefore account for some individual differences in category boundaries.
In the social cognitive literature, there is a considerable amount of evidence that people's pre-existing attitudes have a powerful influence on how they experience and respond to stimuli in their environment. Specifically, an individual's attitude toward another racial group can greatly influence the individual's overt judgment of and behavior toward members of this group. Additionally, attitudes may influence the individual's cognitive processes, such as memory and perception, about the group (see Ajzen, 2001 for a review). Although past research has demonstrated that attitudes influence the perception of people, objects, and events, the relation between attitudes and perception may vary depending on the nature of the attitude. For example, Dovidio, Kawakami, and Gaertner (2002) found that explicit prejudice (but not implicit prejudice) predicted unfriendly verbal behavior toward members of the discriminated group, whereas implicit prejudice (but not explicit prejudice) predicted unfriendly non-verbal behavior toward members of the discriminated group. Additionally, Hugenberg and Bodenhausen (2004) found that implicit prejudice, but not explicit prejudice, tended to bias people's perception of another individual's racial category in stereotypic directions based on the individual's facial expression. Overall, explicit attitudes appear to better predict overt responses whereas implicit attitudes better predict more covert responses.
Further, how individuals feel about their own racial group can also influence their attitudes and behaviors. According to social identity theory (Tajfel & Turner, 1986) , a person's group memberships are incorporated into that person's overall self-concept. Studies have shown we are more likely to rate our own groups positively in relation to other groups in order to protect and enhance our self-esteem, but the extent to which we do this varies across individuals (Luhtanen & Crocker, 1992) . Additionally, some groups may be more important to a person's self-concept than other groups, with group memberships that are more central to one's identity exerting a larger influence on attitudes and behaviors (Sellers, Rowley, Chavous, Shelton, & Smith, 1997) . In order to examine the effects of racial identity beyond simply being categorization into one racial group, it is important to assess how racial centrality and race-related self-esteem are related to visual processing.
The purpose of this study was to investigate whether a link exists between the sensitivity changes following face adaptation and an individual's personal attitudes about race. It is predicted that individuals who hold stronger implicit and/or explicit racist views may (1) have a different race category boundary between faces within their own race vs. another race, and/or (2) not adapt as strongly to differences across racial categories compared to individuals who hold weaker racial attitudes. This study focused on only two racial groups: Black and White.
Methods

Subjects
Ninety-six participants were recruited from Roosevelt University, but the final sample included only 57 participants. Each participant completed an initial demographic survey, which included questions about age, gender, and race/ethnicity. Because the current experiment was interested in only attitudes about Black and White individuals, if the participant identified himself or herself as a race other than Black or White, they were compensated for one half hour of time and excused from further testing (20 participants). Additionally, data were excluded from the analysis if the participant did not complete the study (17 participants) or was found to be using their cell phone during the testing, which could potentially disrupt their adaptation (2 participants). The final sample consisted of 57 participants: 37 self-identified as White (10 male), and 20 self-identified as Black (4 male). Participants were provided extra credit in a psychology course or were paid $10 an hour. Informed consent was obtained following the Tenets of Helsinki and with approval of the Institutional Review Board of Roosevelt University.
Social attitude measures 2.2.1. Implicit racism
Participants completed the Implicit Association Test (IAT; Nosek et al., 2007) , which measures implicit racism toward either Blacks or Whites. For this task, attribute words or images of people's faces were presented on the computer screen across a series of trials. The attribute words were characteristic of either goodness or badness, and the images of faces were characteristic of either African Americans or European Americans. Thus, each word or image belonged in one of four categories: good, bad, African American, or European American.
Implicit racism was measured by the difference in response times for categorizing words or images depending on the pairing of the categories. For instance, if an individual categorizes the characteristic word or image more quickly when ''bad" and ''African American" shared a response key (and ''good" and ''European American") compared to when ''good" and ''African American" (and ''bad" and ''European American") shared a response key, this longer reaction time is used as a measure of implicit racism against Blacks compared to Whites.
Explicit racism
White participants completed the Symbolic Racism Scale (SRS; Henry & Sears, 2002) , which is an 8-item questionnaire measuring explicit racism toward Blacks. Participants answered all 8 items using a Likert scale, which ranged from 1 to 3 or 1 to 4 depending on the question. Scores on the Symbolic Racism Scale can range from 8 to 31, with high scores indicating higher levels of racial bias toward Black Americans. Scoring in the current study was completed using the standard procedure discussed in Henry and Sears (2002) .
Black participants completed the anti-White Racism Scale (AWRS; Johnson & Lecci, 2003) . Prior research (Johnson & Lecci, 2003; Johnson, Lecci, & Swim, 2006) has shown the scale to have good reliability, construct validity, and convergent validity. A subset of the full 38-item questionnaire was used, which included 20 questions measuring explicit racism toward Whites. Participants answered the items on a 5-point Likert scale. Higher scores indicated higher explicit racism toward Whites.
Centrality and collective self-esteem
Participants completed a modified version of the Centrality subscale of the Multidimensional Inventory of Black Identity (Sellers et al., 1997) , which is a 8-item questionnaire measuring the extent to which one's race is central to one's identity. Participants answered items on a 5-point Likert scale. The original items were modified so that each participant either read statements regarding Blacks or Whites, depending on their own self-identified race. Example items were ''Overall, being Black [White] has very little to do with how I feel about myself," and ''I have a strong attachment to other Black [White] people." Higher scores indicated stronger racial centrality.
Participants completed a modified version of the Collective SelfEsteem Scale -Race Specific Version (Luhtanen & Crocker, 1992) , which is a 16-item questionnaire measuring attitudes toward one's own racial group. Participants answered items on a 7-point Likert scale. The original items were modified so that each participant either read statements regarding Blacks or Whites, depending on their own self-identified race. Example items were ''I am a worthy Black [White] person," and ''Overall, being Black [White] is considered good by others".
Miscellaneous scales
This study involved deception. The participants were told that the goal of the study was to evaluate how personal attitudes influence face perception; They were not told that the study was specifically interested in attitudes about race. Participants therefore also completed two other scales to hide the purpose of the study. These included the Ambivalent Sexism Inventory (Glick & Fiske, 1996) , and the Shortened Version of the Right-Wing Authoritarianism Scale (Altemeyer, 2007) . Scores for these scales were not calculated. Participants were debriefed about the purpose of the study once they finished the full experiment.
Stimuli
Faces were gray scale fontal view images of Black and White male and female individuals acquired from the ''Neutral" facial expression category on the Face Database (http://agingmind.utdallas.edu/facedb; Minear & Park, 2004) . Thirty face images were chosen with the criterion that the photograph contain a person younger than 26 years of age with little to no hair (e.g., bangs, facial hair) obscuring the facial features. Six of these images were used as test images (3 Black, 3 White, all female), and the other 24 (12 Black, 12 White, split evenly by gender) were used for adaptation.
Observers participated in five separate conditions. In the first condition, used to determine the natural category boundary between White and Black faces, observers adapted to a uniform gray screen at the same mean gray value of the images. In the second through fifth conditions, observers adapted to a sequence of 12 different faces. The second condition contained 12 White faces (6 male, 6 female), the third contained 12 Black faces (6 male, 6 female), the fourth and fifth contain a mixture of 12 faces from condition two and three (equally split between gender and race). The purpose of conditions four and five was to measure the degree of face adaptation for a dimension that is not considered part of the individual's identity (e.g., race, gender, or age). That is, conditions four and five measured ''face figural aftereffects", where adaptation altered the perceived shape of the face. In comparison, conditions two and three measured ''face identity aftereffects", which required the participant to discriminate unique face identities (Palermo, Rivolta, Wilson, & Jeffery, 2011; Rhodes, Jeffery, & Evangelista, 2009). Adapt and test images for conditions four and five were distorted by local contraction or expansion in the horizontal and vertical direction relative to a midpoint centered on the noise (Tillman & Webster, 2012; Webster & Maclin, 1999) . Using the same convention as Webster and Maclin (1999) , the original face was assigned a distortion level of 50, a fully contracted face corresponded to a distortion level of 1, and a fully expanded face corresponded to a distortion level of 100.
Three sets of test images were created for conditions 1-3. For each set, one female White face was morphed with one female Black face (using FantaMorph, Abrosoft version 5.4.2, 2013), neither of which were included in the original 12 used for adaptation in each condition. The two faces used in each morph set were matched by age of the individuals in the photograph. The morphing sequence output a series of 100 finely graded test images (example shown in Fig. 1, top row) . Three sets of test images were also created for the fourth and fifth conditions, and contained a series of 100 distorted images created from a single female face used as test images in conditions 1-3 (example shown in Fig. 1 , bottom row). After the image morphs were created, all images were cropped with an oval mask to remove hair and other external features and resized so the face subtended 4 degrees at a viewing distance of 32 in. All images were then calibrated to have the same mean gray value of 128, corresponding to a luminance of approximately 5 cd/m 2 , and a root mean square contrast of 0.4. The oval mask was set to the mean gray value.
The experiment was written in MATLAB using the Psychophysics toolbox (Brainard, 1997; Pelli, 1997) . Images were displayed on an iMac Pro with a 24-in Color LCD Display. Observers viewed the display binocularly from 32 in in an otherwise dark room, and a handheld keypad was used to record their response.
Procedure
Participants first completed the social attitude surveys, followed by the IAT, followed by a practice session of the neutral face adaptation condition. They then completed 15 sessions (5 adapt condition conditions Â 3 test sets) of the face adaptation task. The order of 5 adapt conditions was block-randomized for each test set, but each block of 5 began with the neutral condition. In total, each participant took 3-4 h to complete the experiment in full, which was distributed across at least 2 separate days.
Each session of the face adaptation task began with an initial adaptation period of 2 min. In all conditions other than neutral (where participants adapted to a blank gray screen at the same mean gray level as the face images) the adaptation period contained individual face images that were updated randomly every 1 s. One sec test periods were interleaved with 6-s of top-up adaptation. A 250 ms gray screen separated each adapt and test period. Observers indicated whether the test face appeared Black or White (or contracted vs. expanded in condition 4 and 5) using a twoalternative forced-choice method. Test images were presented at the same screen location as the adapt images. The subsequent test image was chosen by a staircase procedure. Two staircases were randomly interleaved within one session, and the category boundary for each staircase was determined as the mean image of the final 6 of 8 staircase reversals. The mean category boundary for each unique test set and adapt condition was calculated from the 2 staircases for each session.
Results
Social attitude measures
Implicit Association test (IAT)
Following the scoring procedure recommended by Greenwald and his colleagues (2003), D scores were used to represent participants' implicit racial bias toward Black and White individuals. Positive scores indicated bias favoring Whites, whereas negative scores indicated bias favoring Blacks. Among participants in the present study, scores on the IAT ranged from À0.73 to 1.09 (M = 0.18, SD = 0.50).
Symbolic Racism Scale (SRS)
The reliability of the measure in this study (a = 0.83) is comparable to previous research (a = 0.79; Henry & Sears, 2002) . In the current sample, participants' scores ranged from 8 to 21 (M = 13.75, SD = 3.74). The distribution had a positive skew, with more participants reporting low levels of racial bias than high levels of racial bias.
Anti-White Racism Scale (AWRS)
A total score was calculated by averaging responses to all 20 of the scale items (a = 0.83). Participants' total scores were calculated and ranged from 1.20 to 3.65 (M = 2.35, SD = 0.54). The possible range of scores was 1 to 5, with higher scores indicating higher levels of anti-White bias. Morphing consists of 100 images between two original faces, in this case, one Black (1) and one White (100). A morph level of 50, therefore, corresponds to a 50% Black and 50% White face. Bottom Row: example of a distorted test set, used in conditions four and five. Note the face is one of the two faces used to create the morphs for the race adapt dimension.
Relation between explicit and implicit racism
Because different measures were used to assess Black and White participants' explicit racist beliefs, participants' scores on these measures were converted to standardized z-scores. Consistent with previous research showing small to medium correlations between explicit and implicit measures of racial bias (Dovidio, Kawakami, Johnson, Johnson, & Howard, 1997; Hoffman, Gawronski, Gschwendner, Le, & Schmitt, 2005) , the correlation between participants' standardized scores for explicit racism and their D scores on the implicit racism measure was positive but not statistically significant (r = 0.09, p = 0.51).
3.1.5. Centrality and collective self-esteem Centrality scores were calculated by reverse scoring three items, then summing participants' responses to all eight items (a = 0.82). Scores on this scale ranged from 10 to 38 (M = 22.04, SD = 6.39). Collective self-esteem scores were calculated by reverse scoring eight of the items (Luhtanen & Crocker, 1992) , then summing participants' responses to all sixteen items (a = 0.71). Participants' scores on this measure ranged from 55 to 102 (M = 75.58, SD = 11.02).
Face adaptation task
A repeated-measure analysis of variance (RMANOVA) was performed to determine whether category boundaries changed following adaptation to Black and White faces, as well as to faces that were contracted and expanded. The RMANOVA included two within factors [adapt condition (5) and test set (3)] and one between factor (self-identified race of the observer). Results are listed in Table 1 . Tests that required Greenhouse-Geisser sphericity correction are listed with the updated p value in the right column. Asterisks next to the p values indicate that the test remains significant following a Bonferroni correction for the 5 unique statistical models used in this study (2 RMANOVAs, 3 regression models). Strong aftereffects following adaptation were seen across adaptation conditions (F (4,220) = 38.25, p < 0.0001). Category boundaries for one of the three test sets was consistently shifted toward the White (or ''expand" in the distortion conditions) image (F (2,110) = 10.17, p < 0.0001), but it was only shifted by approximately 5 morph steps (e.g., average category boundary of 59 compared to 54 for the other two sets in the race judgment conditions). Category boundaries across conditions were also shifted consistently toward the White (or ''expand") image for self-identified Black participants (F (1,55) = 8.77, p < 0.01; average category boundary across the 5 conditions of 58.5 for the Black observers, and 54.2 for the White observers), and the shifts in category boundaries were significantly different between Black and White participants across adaptation conditions (interaction of Race and Adapt, F (4,220) = 3.04, p < 0.04). This interaction seems to be significant due to weaker adaptation in the Black adapt condition (category boundaries of 59.4 vs. 49.9) for Black compared to White participants, and in the neutral adapt condition where category boundaries (64.5 vs. 57.4) were shifted toward a face with a higher percentage of White features for the Black participants. No other main effects or interactions were significant.
Category boundaries are plotted for each observer in Figs. 2 and 3. Fig. 2 plots the mean category boundaries across the 3 test sets for each individual participant in the neutral adaptation condition. In Fig. 3 , the separate columns plot mean category boundaries across the 3 test sets following adaptation to the Black and White faces (left column), and following adaptation to the contracted and expanded faces (right column). The rows show data separately by the race of the participant.
Overall sensitivity shifts were evaluated by the slope of adaptation for a race dimension (White vs. Black) and a distortion dimension (expand vs. contract). For instance, the slope for sensitivity shifts to race was calculated as the category boundary following adaptation to White faces minus the category boundary following adaptation to Black faces. Those that show larger sensitivity shifts following adaptation will have a steeper slope. The lines that connect points in Fig. 3 illustrate the slopes for each participant. A second RMANOVA was performed to determine whether slopes significantly differed, with results listed in Table 2 (again, with p values corrected for sphericity when needed). No significant differences were found in adaptation dimension (F (1,55) = 0.07, ns), and no interactions were significant. There was a small difference in slopes measured for the 3 test sets (F (2,110) = 4.02, p < 0.05), with one image set having a slope on average 3 units higher than the other two test sets. Slopes also differed by race of the participant (F (1,55) = 5.88, p < 0.05), with slopes averaging 7.5 and 11.9 for Black and White participants, respectively. The reason for differences in the amount of adaptation to faces in the Black condition, which can account for the difference in slopes between Black and White participants seen here, is not clear. But with almost twice as many White compared to Black participants, any interpretation based on the current data would be preliminary. Fig. 4 shows the slope for the race adaptation dimension plotted against the slope for the distortion dimension for each observer. The goal of including the distortion dimension was to test whether social attitudes relate to more global mechanisms of face adaptation, or to only mechanisms that may be used in social judgments. It is therefore of interest to see whether the two dimensions of facial adaptation show any relation with each other. While previous studies indicate that the strength of distortion aftereffects depends on both the race of the participant and the race of the test face (e.g., Jaquet, Rhodes, & Hayward, 2008) , we did not find any significant interaction between adapt dimension and the selfidentified race of the participant (F (1,55) = 2.14, ns). All participants are therefore included on the same plot. A linear regression revealed no significant relation between the two adapt dimensions (F (1340) = 0.04, ns).
Relation of social attitude measures to face adaptation
Three multiple linear regression models were performed to compare (1) category boundaries following neutral adaptation, (2) the slope of adaptation to the race dimension, and (3) the slope of adaptation to the distortion dimension against six predictor variables: self-identified race of the participant (Race), collective self-esteem (CSE), racial centrality, explicit racism, implicit racism, and the interaction of explicit and implicit racism. For the explicit racism predictor, z-scores for the AWRS and SRS were used for the Black and White participants, respectively. No other interaction terms were included in the models due to collinearity (i.e., had a variance inflation factor >5) with other predictors. The results of each regression model are show in Table 3 . Effect sizes were calculated using Cohen's f 2 (multiple partial correlations; Cohen, 1992) for relations that were significant, which are listed in the right column of Table 3 . The first model revealed that both race and CSE are significant predictors of category boundaries following neutral adaptation. In particular, category boundaries are shifted toward the original White face for the Black participants, which is consistent with the main effect of race in the RMANOVA previously discussed (see Fig. 2 ). CSE was negatively related to category boundaries (sr = À0.26, p < 0.01, f 2 = 0.09), indicating that participants with a higher compared to lower CSE have a category boundary shifted toward an image with a higher percentage of Black features. This is shown in Fig. 5a . The second model revealed that explicit racism is negatively related to the slope of adaptation in the race dimension (sr = À0.34, p < 0.01, f 2 = 0.16; Fig. 5b , left panel). That is, individuals with higher explicit racism have a shallower slope, or weaker adaptation, in the race dimension. Note that in some cases this ''shallow slope" was actually negative, in that adaptation caused category boundaries to shift in the opposite direction. The interaction between explicit and implicit attitudes about race approaches significance with Bonferroni correction (sr = 0.26, p = 0.04, f 2 = 0.10), indicating that individuals who score low on explicit, but high on implicit racism have a steeper slope. This interaction is illustrated in Fig. 5b . Note that the line fit for the implicit data has been extended slightly beyond the measured scores to help with visibility. Individuals who exhibit this pattern of attitudes about race are often referred to as having an ''aversive racist" profile (Penner et al., 2010) . There were no significant predictors for the slope of adaptation in the distortion dimension, suggesting that the relations found in model 1 and 2 are associated with racial identity itself, and not to more global mechanisms of face adaptation.
Discussion
The results of this experiment support that long-term perceptual learning and the strength of short-term sensitivity shifts following face adaptation are related to individual attitudes about race. In particular, category boundaries reflecting long-term perceptual learning (i.e., following adaptation to a neutral gray screen) were shifted toward faces containing a higher percentage of Black features for participants scoring high in collective self-esteem. Fig. 4 . The sensitivity shifts, as defined by the slope, following adaptation to the race dimension plotted against sensitivity shifts following adaptation to the distortion dimension. For the race dimension, slopes were defined by the mean category boundary following adaptation to White faces minus the mean category boundary following adaptation to the Black faces. Slopes for the distortion dimension were calculated the same, using category boundaries from the expanded minus contracted condition. Triangles and circles correspond to Black and White participants, respectively.
Table 3
Multiple regression analysis for the three dependent variables. Sr is the semi-partial correlation coefficient, and f 2 is the effect size for multiple partial correlations (Cohen, 1992 Short-term sensitivity shifts, as measured through adaptation to Black and White faces, were weaker in individuals with higher explicit racist attitudes. Finally, short-term sensitivity shifts to Black and White faces were stronger for individuals with higher implicit, but lower explicit racist attitudes. In general, category boundaries under neutral adaptation were shifted toward faces with a higher percentage of White features. In fact, Black participants showed boundaries even closer to the original White face compared to White participants. It has been suggested that category boundaries under neutral adaptation reflect long-term perceptual learning to the ''menu" of faces that an individual is exposed to over a protracted time course . If this is the case, it suggests that Black participants in the current study are exposed to more White than Black faces, and vice versa for the White participants. Alternatively, the difference in category boundaries between Black and White participants may reflect different motivational factors. Scholars of White privilege maintain that a key aspect of this privilege is being able to not have to think about race on a daily basis (McIntosh, 2003; Sue, 2004) . In other words, White people may see themselves as ''raceless." Being Black in America, however, is not a privileged racial identity but rather one that has been marginalized for centuries. Social identity theory has shown that identification with a group, and consequently the influence of that group membership on one's thoughts and behaviors, is stronger for members of a minority than a majority group (Tajfel & Turner, 1986) . Black Americans are a minority group in the United States on the basis of both size and social power, so consequently their racial group membership is likely to affect them differently than it does members of the White American majority group. It is possible that facial features that identify one race compared to another are more salient for underprivileged groups (in this case, the Black participants), thus they may ''overcompensate" by seeing any change away from typical White features as being more consistent with a Black face. Note, however, that with almost half the number of Black compared to White participants in this study, future work should confirm this effect. In addition, it would be of interest to evaluate whether it is a minority status that contributes to different category boundaries under neutral adaptation, or whether there is something unique about the status of being Black in the United States that may not replicate within another minority group.
It was also recently noted that the photographs downloaded from the Minear and Park (2004) database contained within the African American category may in fact be individuals of mixed ethnic backgrounds (Lewis, 2016) . The consequences of this on the current data are not clear. It may explain why category boundaries were consistently shifted toward the original White face for one of the three test image sets: one set of faces used to create the image morphs may have varied in facial features that define one race compared to another more than the other two sets. But this may also provide another explanation as to why category boundaries were shifted toward White overall for the Black participants.
CSE is a measure of collective self-esteem, or how individuals' feelings toward their social groups are integrated into their overall self-esteem. It relates to the concept of a collective identity, which are the parts of identity stemming from one's membership in social groups (Luhtanen & Crocker, 1992) . Participants with a higher CSE had a category boundary shifted toward a face with a higher percentage of Black features, while participants with a lower CSE had a category boundary shifted toward the original White face. The relation between CSE and category boundaries under neutral adaptation could reflect the amount of exposure individuals have to a diverse population. All participants in the current study were students enrolled at Roosevelt University. Roosevelt is a metropolitan university located in downtown Chicago with a mission focused on social justice. The diversity of the student body is well above average for national universities, with African Americans accounting for approximately 20% of the total student population (42% is Caucasian). Students are exposed to individuals across a range of ethnic groups, and are encouraged to confront attitudes about race, including attitudes about their own race. It may be that participants with a higher CSE in our sample reflect those students that are more active in university programs, or have more exposure to individuals of another race through university courses or their activities outside the university. This exposure and involvement could lead students to have more positive feelings about their own racial group and to influence their processing of race-related information. An increased amount of visual exposure for this group could account for category boundaries that are closer to a 50% Black, 50% White face (compared to individuals with a low CSE and a category boundary shifted toward White).
It is unlikely, however, that the special mission of Roosevelt accounts for the relation between racial attitudes and short-term sensitivity shifts. If the participant sample truly reflected a group of socially conscious individuals, scores on the AWRS and SRS would be expected to show floor effects (where participants consistently show very low scores). On the contrary, the current study found sufficient variability in participants' responses to the explicit as well as implicit measures of prejudice. Explicit scores do skew positive and reflect less racist attitudes, but it is not uncommon to find this type of response pattern for explicit measures of prejudice largely due to participants' motivation to respond in a socially desirable manner (Whitley & Kite, 2010) .
Differences in short-term sensitivity shifts related to explicit and implicit attitudes may instead reflect differences in viewing patterns during the adaptation task. Those who score high compared to low in explicit racism may not maintain good fixation on the face sequence during adaptation, which would lead to a decrease in the strength of short-term sensitivity shifts. On the other hand, those who score high in implicit, but low in explicit racism, may have better fixation during the adaptation sequence. Where explicit measures tap into overt attitudes about race, implicit attitudes are thought to reflect learned behavior within society. Such attitudes are often shared, even if unconsciously, independently of each individual's out-group membership. In an Internet sample of over 100,000 individuals (9% Black), Black participants showed a strong preference for Black individuals, relative to White, on explicit measures (Nosek, Banaji, & Greenwald, 2002) . Surprisingly, however, they showed a weak preference for White over Black individuals on implicit measures. White participants show a strong preference for White in both cases. The IAT software used to measure implicit prejudice gives participants direct feedback about their implicit score as well as the interpretation. Individuals who are not explicitly prejudice but see a high implicit score may be differentially motivated than individuals with a high explicit score. That is, individuals classified as ''aversive racists" in the current study may try to compensate for their prejudice by focusing more attention on the faces shown on the screen. It would be of interest to test this theory with eye tracking.
It is not clear why some participants with higher explicit prejudice showed sensitivity shifts in the opposite direction. Instead of category boundaries shifting closer to the currently adapted facial identity, as expected based on previous literature (Webster, 2004) , category boundaries for these participants shifted away from the adapted identity (e.g., after adapting to White faces, category boundaries moved toward Black). If lack of fixation was the only explanation, category boundaries following face adaptation should be similar to those found under neutral adaptation. For a few participants, however, the sensitivity shifts in the opposite direction are quite substantial. These participants seem to become hypersensitive to facial features that define the two different races, where the adaptation may have a strong repulsion (similar to a template or exemplar-based model) compared to renormalization effect (Webster & MacLeod, 2011) . This data suggests that facecoding strategies may change depending on the motivation of the observer.
Neural mechanisms and functional consequences of face adaptation
While this study cannot determine whether the aftereffects of face adaptation precede social attitudes about race (e.g., similar to a feed-forward model), or whether social attitudes precede the visual interpretation of a face following adaptation, the results are consistent with a Dynamic Interactive Model of Social Perception (Freeman & Ambady, 2011 ; see also Freeman & Johnson, 2016) . This model proposes that faces are placed in unique categories based on a combination of low-level visual input and topdown social cognitive feedback, such as stereotypes, attitudes, and goals. The correlations between racial attitudes and the aftereffects of race adaptation suggest that the processes of facial identity are influenced (even if indirectly) by social attitudes about race.
While aftereffects of face adaptation may, in general, arise from similar processes within the visual pathway (Webster & MacLeod, 2011) , there is evidence that distortion and identity aftereffects are facilitated by separate neural mechanisms. Identity aftereffects appear to tap neural mechanisms that are ''expert", or more facespecific, compared to distortion aftereffects, which instead target mechanisms more sensitive to shape (Palermo et al., 2011; Rhodes et al., 2009 ). For instance, individuals with congenital prosopagnosia show strong aftereffects following adaptation to distorted faces (face figural aftereffect), but weak aftereffects following adaptation to identity (face identity aftereffect; Palermo et al., 2011) . In sum, while previous evidence suggests that the neural mechanisms underlying face perception are dissociable between shape distortions and identity features, it does not suggest that the mechanisms are independent. In fact, the strength of aftereffects following adaptation to face images that are distorted (i.e., figural adaptation) in the vertical direction directly correlate with performance on a face recognition task, a task that likely taps identity mechanisms (Dennett, McKone, Edwards, & Susilo, 2012) .
The current study found no relation between attitudes about race and face figural aftereffects. If the two types of face aftereffects are supported by the same neural mechanism, correlations should have appeared between social attitude measures and the slope of adaptation for the distortion dimension. That this does not occur supports that race and distortion aftereffects tap separate -though potentially overlapping -neural mechanisms. The current data do suggest, however, that attitudes about race are related to neural mechanisms underlying face identity aftereffects, but are not significantly related to more global mechanisms of face adaptation.
